Dixon NC, Hurst TL, Talbot DC, Tyrrell RM, Thompson D. Active middle-aged men have lower fasting inflammatory markers but the postprandial inflammatory response is minimal and unaffected by physical activity status. J Appl Physiol 107: 63-68, 2009. First published May 7, 2009 doi:10.1152/japplphysiol.91532.2008.-Physical activity modifies some postprandial responses such as glycemic control, although it is unclear whether this translates into lower postprandial inflammation. Our objective in this study was to determine whether postprandial inflammatory markers are lower in active compared with sedentary middle-aged men. Thirteen active and twelve sedentary middle-aged men consumed a mixed meal on one occasion. Blood was taken via a cannula before and up to 8 h after the meal and with a single-use needle before and 8 h after the meal. Active men had lower fasted IL-6 (0.6 Ϯ 0.2 vs. 1.2 Ϯ 0.3 pg/ml; P ϭ 0.004) and C-reactive protein (1.3 Ϯ 0.3 vs. 2.9 Ϯ 0.6 mg/l; P ϭ 0.04) concentrations than sedentary men. Cannula blood IL-6 concentrations increased by 3.49 pg/ml in the 8 h following the meal (P Ͻ 0.001); however, this increase was minimal (0.36 pg/ml) in blood taken via a single-use needle from the contralateral arm (P ϭ 0.013). The sedentary group had larger glucose (P ϭ 0.034), insulin (P ϭ 0.013), and triacylglycerol (P ϭ 0.057) responses to the meal. These results provide further evidence that physical activity is associated with lower inflammatory marker concentrations in a fasted state and a lower postprandial metabolic response to a meal. However, this does not translate into lower postprandial inflammatory markers since the only evidence of postprandial inflammation (a large increase in serum IL-6) was actually due to the cannula used for blood sampling.
day in a postprandial state. Several studies have found an increase in some markers of inflammation, such as IL-6, following the consumption of a meal. This increase seems to be dependent on both the content of the meal (19) and the metabolic characteristics of the subject (2, 3) . In theory, a regular and repeated increase in inflammatory mediators in the postprandial period could have implications for cardiovascular risk.
Research has shown that the postprandial response of several metabolic parameters, including lipids and insulin concentrations, are reduced by increased physical activity levels (8, 12) . If physical activity has a similar effect on postprandial inflammation, then this may be an additional mechanism to explain the benefits of physical activity on chronic disease. The aim of this study was to determine whether active middle-aged men show a lower postprandial response to a standardized meal than their sedentary counterparts.
SUBJECTS AND METHODS
Subjects. Thirteen active and 12 sedentary subjects were recruited via local advertisement following ethical approval and after subjects had given written informed consent. Individuals who smoked, were clinically obese (body mass index Ͼ35 kg/m 2 ), or were diagnosed with any medical condition or taking regular medication that may have interfered with the results were excluded. Habitual physical activity was determined using combined heart rate and accelerometry (Actiheart, Cambridge Neurotechnology, Cambridge, UK), validated by Thompson et al. (29) . The monitor was worn for seven whole consecutive days recording data every minute over this period. Subjects were not aware of the function of the monitor so as to minimize changes in behavior. These data were used to estimate metabolic equivalents (METs) and the amount of time spent in different MET categories for periods of time greater than a given number of minutes (e.g., Ͼ6 METs for Ն3 min). Based on these values, only subjects who met physical activity criteria for either the active or sedentary groups were included. Active subjects participated in at least 90 min of structured vigorous (Ն6 METS) physical activity per week and 30 min of moderate or greater (Ն3 METS) physical activity (in bouts of 10 min or greater) 5 days/wk. Sedentary subjects undertook no structured vigorous physical activity and 30 min of physical activity Ն 3 METS (in bouts of 10 min or greater) on fewer than 5 days/wk. Subjects had not greatly changed their physical activity patterns over the last 6 mo or more.
Preliminary measures. Blood pressure, body mass, skinfold thickness (at 4 different sites: biceps, triceps, subscapular, and superiliac) to estimate percent body fat (5), as well as maximal oxygen uptake (V O2max) were measured approximately 7-14 days before the main trial. V O2max was determined using an incremental incline test on a treadmill (Woodway, ELG 70 Weiss, Germany). The test consisted of 3-min exercise stages with the incline increasing by 3% at the end of each stage, and this was continued until volitional fatigue. Expired gas samples, heart rate, and rating of perceived exertion (RPE) were collected during each stage and during the final minute of exercise.
Experimental design. Subjects completed one main trial that involved having blood samples taken at baseline and up to 8 h after consuming a test meal. Subjects were asked to complete a weighed food and fluid record 3 days preceding the trial. They were asked to abstain from vigorous physical activity and alcohol for 1 day before the trial. Subjects arrived at the laboratory following an overnight fast. Following the application of topical local anesthetic a cannula was inserted into an antecubital forearm vein. After the subject had rested for 15 min a baseline blood sample was taken via the cannula. In addition, a blood sample was taken using a single-use needle from an antecubital vein from the contralateral arm in 11 of the 25 subjects.
Subjects were given a mixed meal consisting of 200 g of whipping cream (Somerfield) and 200 ml of water mixed with 75 g of porridge (Quaker Oats) and cooked in a microwave (M1736N; Samsung, UK) at 800 W for 4 min, and a glucose drink consisting of 250 ml of water and 75 g glucose powder (Nutrivit) to consume over a 15-min period. The total energy content of the meal was 1,300 kcal with 55% (120 g) carbohydrate, 39% (85 g) fat, and 6% (12 g) protein.
Regular blood samples were taken from the cannula up to 8 h after the meal, every 15 min for the first hour and then every hour for the next 7 h. Before the cannula was removed a second blood sample was taken from the contralateral arm using a single-use needle from the same subjects as at baseline.
Analytical procedures. Subjects remained in a seated position for 15 min before and during all blood sampling. Blood samples were distributed into 5-ml serum and EDTA plasma tubes (Sarstedt, Leicester, UK). For all cannula samples 2.5 ml of blood was taken and discarded immediately before blood samples were taken. Immediately after and between blood samples isotonic saline was infused into the cannula to maintain patency. Whole blood glucose and lactate were measured using an automated analyzer (YSI 2300 STAT plus, Yellow Springs, OH). Blood cell counts, hemoglobin content, and hematocrit were measured using an automatic hematology system (SF-3000, Sysmex, Milton Keynes, UK). The remaining blood was centrifuged (Heraeus Biofuge Primo R, Kendro Laboratory Products, Bishops Stortford, United Kingdom) at 5,000 rpm (3,500 g) for 10 min at 5°C. Serum and plasma were aliquoted into Eppendorf tubes before being frozen at Ϫ80°C. Statistical analysis. Statistical analysis was performed using SPSS 14.0 for Windows (SPSS, Chicago, IL). Subject characteristics and activity levels are expressed as means Ϯ SD. All other values are expressed as means Ϯ SE. Statistical significance was set at a value of P Յ 0.05. All values were checked for normality using KolmogorovSmirnov and Shapiro-Wilk tests. Any values that were not normally distributed were subsequently transformed. Repeated-measures ANOVA was used to determine differences between active and sedentary groups for all measures. Two-way ANOVA was used to determine differences between cannula and venepuncture blood sampling methods for IL-6 and white blood cells (WBC). When an interaction effect was found, t-tests were performed to determine specific time points that were significantly different; t-tests were also used to determine any differences between the two groups at baseline. Area under the curve (AUC) was calculated for glucose, insulin, and TAG using the trapezium rule. Normality tests were then performed, and if required, values were transformed; t-tests were then used to test for significant differences between the active and sedentary groups.
RESULTS
Anthropometric and physiological measures. Anthropometric and physiological measures are summarized in Table 1 . There were no significant differences in age, height, and systolic and diastolic blood pressure between the two groups. Body mass (P ϭ 0.011), body mass index (BMI; P ϭ 0.032), and percent body fat (P ϭ 0.011) and V O 2max (P Ͻ 0.001) were significantly different between groups (Table 1) .
Physical activity levels. Physical activity levels are summarized in Table 1 . The active group participated in, on average, 132% more activity above 3 METs (moderate and vigorous physical activity) per week than the sedentary group (P ϭ 0.003). They also participated in, on average, 12.5 times more vigorous physical activity per week than the sedentary group (P Ͻ 0.001).
Metabolic parameters. As shown in Fig. 1 blood glucose increased significantly from baseline with concentrations highest at 0.5 h (6.29 Ϯ 0.42 and 7.51 Ϯ 0.46 mmol/l for active and sedentary groups, respectively). The blood glucose AUC for the first 2 h was significantly higher in the sedentary compared with the active group (P ϭ 0.034). Serum insulin also increased significantly following the meal in both groups (P Ͻ 0.001) with a mean peak increase at 1 h after the meal of 50 Ϯ 7 and 126 Ϯ 42 U/ml for active and sedentary groups, respectively. ANOVA showed that there was a group effect for serum insulin, and it was significantly higher in the sedentary group (P ϭ 0.038). The AUC for insulin in the 2 h (P ϭ 0.013) and 8 h (P ϭ 0.003) following the meal was also significantly different between groups. Plasma TAG increased after the meal, peaking at 1.76 Ϯ 0.25 mmol/l (5 h) and 2.54 Ϯ 0.31 mmol/l (4 h) for active and sedentary groups, respectively, and ANOVA showed that there was a group effect with TAG significantly higher in the sedentary group (P ϭ 0.053). There was also a trend for the TAG AUC to be higher in the sedentary group (P ϭ 0.057).
Markers of inflammation. WBC concentration increased over the 8 h following the meal in both groups (P Ͻ 0.001; Fig. 2 ). There was no significant group or interaction effect for leukocyte counts. IL-6 increased in blood taken via the cannula Values are means Ϯ SD for active (n ϭ 13) and sedentary groups (n ϭ 12). Vigorous-intensity physical activity (PA) is all activity Ͼ6 metabolic equivalents (METS) for 3 min or more. Moderate and vigorous is all activity Ͼ3 METs for 10 min or more. BMI, body mass index; V O2max, maximal oxygen uptake. *Significantly different between groups (P Ͻ 0.05).
following the meal in both groups (P Ͻ 0.001), peaking at a concentration of 5.0 Ϯ 1.3 pg/ml at 7 h for the active group and 4.3 Ϯ 1.3 pg/ml at 8 h for the sedentary group. There was no significant interaction effect for IL-6. However, ANOVA showed that the sedentary group had higher IL-6 concentrations (P ϭ 0.035) with this difference being greatest at baseline (0.61 Ϯ 0.17 vs. 1.18 Ϯ 0.34 pg/ml for active and sedentary groups, respectively; P ϭ 0.004).
WBC counts in cannula and venous blood were not significantly different (Fig. 3) . ANOVA showed a time-method effect (P Ͻ 0.001) for IL-6 concentrations measured in blood taken via the two different blood sampling methods (single-use needle venepuncture and cannula). As shown in Fig. 3 , IL-6 concentration in blood taken via the cannula increased by 3.49 Ϯ 0.71 pg/ml (P Ͻ 0.001), whereas IL-6 taken via venepuncture only increased by 0.36 Ϯ 0.11 pg/ml (P ϭ 0.013) over the 8 h after the meal.
CRP did not increase in response to the meal (Table 2) . However, ANOVA showed that the mean CRP concentrations for the active group was significantly lower than the sedentary group throughout the trial (P ϭ 0.035). There was a modest 5% increase in sICAM-1 0.5 h following the meal in both groups (Table 2 ; P ϭ 0.012). There was no significant increase in sVCAM-1 throughout the 8 h following the meal.
Effect of the blood sampling procedures on IL-6 concentrations. To further investigate the effect of a cannula on postprandial IL-6 concentrations, we examined whether earlier sampling via a single-use needle showed the same differential response to blood taken via a cannula and also whether removing a greater volume of blood from the cannula before analysis made a difference to observed IL-6 concentrations. One 37-yrold male consumed the test meal on one occasion. Blood was subsequently taken via a cannula at regular intervals and from the contralateral arm via a single-use needle every 2 h. Furthermore, three different blood samples were collected at each time point for cannula samples 1) 2.5 to 5 ml, 2) 5 to 10 ml and , and plasma triacylglycerol (TAG; C) concentrations for active (black triangles; n ϭ 13) and sedentary (gray squares; n ϭ 12) groups at baseline and during the 8 h following consumption of the meal. † 2 h area under curve (AUC) significantly different between groups (P Ͻ 0.05). # 8 h AUC significantly different between groups (P Ͻ 0.05). ¥ 8 h AUC different between groups (P ϭ 0.057). * Both groups significantly different from baseline (P Ͻ 0.05).
3) 10 to 15 ml. There was an increase in glucose and TAG after the meal, with a peak increase of 1.5 mmol/l and 0.8 mmol/l, respectively. Figure 4 shows the IL-6 response in the blood taken via a single-use needle and samples taken via a cannula after the first 2.5, 5, and 10 ml of blood had been removed. As in our main study, IL-6 in cannula blood increased ϳ5-fold after the meal; however, there was no increase in venepuncture IL-6 at any time point. In addition, it is noteworthy that removing up to 10 ml of blood before analysis has very little impact on cannula IL-6 concentration (Fig. 4) .
DISCUSSION
Regular physical activity has been consistently shown to reduce the glycemic and lipemic response to a meal. We hypothesized that highly active middle-aged men would also have a lower postprandial inflammatory response than sedentary controls. Active subjects showed lower postprandial responses (glucose, insulin, and TAG) and lower fasting markers of inflammation (e.g., IL-6, CRP). However, we found at most only a modest postprandial inflammatory response in either the active or sedentary men. The only inflammatory marker that showed a substantial increase in the time after the meal was IL-6 in blood taken via a cannula. Much of this increase can be attributed to local inflammation in response to the presence of the cannula since at 8 h the IL-6 measured in cannula blood was fivefold higher than that measured in blood taken via a single-use needle from the contralateral arm.
There was a significant increase in glycemic and lipemic parameters after the consumption of the meal in both active and sedentary middle-aged men. As anticipated and shown previously, postprandial insulin, glucose, and TAG were significantly lower in the active group than the sedentary controls (9, 17, 26) . Subjects abstained from vigorous exercise the day before the trial. However, since moderate-intensity activity can modify postprandial responses (18), the differences we found in TAG, glucose, and insulin between the two groups could have been due to an acute or chronic effect of training (or a combination of both).
The energy content of the meal was ϳ1,300 kcal (85 g fat and 120 g carbohydrate), and the postprandial increase in insulin, glucose, and TAG was of a similar or greater magnitude than shown previously for active or sedentary men (2, 9, 19) . Therefore, the meal provided a similar or greater challenge Values are means Ϯ SE for active (n ϭ 13) and sedentary groups (n ϭ 12). CRP, C-reactive protein; sICAM-1, soluble intercellular adhesion molecule-1; sVCAM-1, soluble vascular cell adhesion molecule-1. *Sedentary group significantly different from active group (P Ͻ 0.05). †Significant time effect from baseline (P Ͻ 0.05). Fig. 4 . Serum IL-6 measured in blood taken via the use of single-use needle (venepuncture; ϫ) and by use of a cannula after removing 2.5 ml (black circles), 5 ml (open squares), and 10 ml (gray triangles) of blood (n ϭ 1).
than used in previous studies that have investigated the postprandial response to a single meal.
Despite the large glycemic and lipemic response observed in the present study, there was only evidence of a very modest postprandial inflammatory response, and this was not different between the active and sedentary groups. CRP and sVCAM-1 did not significantly increase after the meal, and soluble ICAM-1 only increased by ϳ5% in the first half hour after the meal. Although WBC increased over time, this was of a similar magnitude to the increase found in diurnal variation that has been previously reported (22) . On the face of it, it appears that venous IL-6 concentrations in blood taken using a cannula increase markedly in both active and sedentary middle-aged men following the consumption of the high-fat, high-glucose meal. However, recent research has suggested that IL-6 may increase simply in response to the presence of a cannula (11) . The results from the present investigation offer support for this finding since IL-6 taken via a single-use needle from the opposite arm 8 h after the meal was only marginally increased above baseline. This suggests that in the present study, the increase in cannula blood IL-6 was mainly the result of an increase in local inflammation in response to the cannula and not an increase in systemic IL-6 in response to the meal. The cannula and its tubing can hold less than 0.5 ml, and since we removed and discarded more than 2.5 ml of blood before each sample, this indicates that the observed increase in IL-6 was from blood drawn from the vein in which the cannula was sited. Furthermore, we also show in a subsequent experiment in one subject that removing up to 10 ml of blood before taking a sample does not overcome the effect of the cannula on serum IL-6 concentrations. This secondary experiment also confirms that IL-6 taken via venepuncture does not increase at any time point after the meal. Collectively, our results suggest that the measurement of IL-6 in cannula blood is not a good measure of the inflammatory response to feeding, and we recommend that investigators pay particular attention to the blood sampling procedures used to examine postprandial changes in IL-6. Because the increase in IL-6 can be discounted, it appears that no inflammatory marker showed a pronounced systemic response to a meal in either active or sedentary subjects.
It is noteworthy that even the very considerable glycemic and lipemic response seen in the inactive subjects did not translate into a postprandial inflammatory response. Although the mechanisms behind the postprandial inflammation reported in other studies has not been determined, it has been suggested that the increase in TAG and/or glucose could result in an increased oxidative stress (1, 3, 19, 33) , an increase in endothelial damage (8) , or could alter postprandial metabolic processes (3), all resulting in a proinflammatory cascade. In support of these suggestions, research has previously shown that when the glucose, insulin, and TAG response to a meal is reduced through weight loss, this translates into a lower postprandial IL-6 (3) and sICAM (2) . Therefore, we anticipated that the very different exercise patterns, body composition, and a large differentiation in glycemic and lipemic responses to a meal would translate into a more marked postprandial inflammatory response in the sedentary subjects. However, we did not find an inflammatory response to this meal, and this suggests that the postprandial glycemic/lipemic and inflammatory response to a meal are not tightly coupled.
Since other research has investigated postprandial inflammation using different meals and blood sampling methods, these results cannot be used to rule out a postprandial inflammatory response to all types of meal. Of the research that has found an increase in postprandial IL-6, most investigators have used a cannula for blood sampling (3, 8, 9, 14, 30, 31) . However, Nappo et al. (19) took blood via venepuncture and found an increase in IL-6 after a high-fat meal of sausages, bread, and eggs, but not after a pizza meal. Since these meals had a similar energy content, this suggests that the inflammation was not dependent on the energy load. Interestingly, while neither meal was particularly high in glucose, the fat content was obviously much greater in the high-fat meal (59.2% of energy) compared with the pizza meal (20.6% of energy). However, since the former has a lower fat content (50 g) than the present meal (85 g), this does not explain why there was no evidence of a similar increase in IL-6 after the meal used in the present study. It may be possible that the type of fat or the cooking method could be critically important. One tentative explanation is that postprandial inflammation is the result of an endotoxin that cotransits with dietary nutrients, most likely fats, from the gut after a meal (6) . The amount of endotoxemia could be dependent on the nature of the meal (i.e., type of fat, etc.), and this may explain why Nappo et al. (19) found a large IL-6 increase after their sausage and egg breakfast but we found no response to our porridge and cream meal. Further research using a variety of meals, with single-use needle blood sampling, is needed to clarify the effect of food and physical activity on postprandial inflammation.
Many epidemiological and intervention studies have shown increased physical activity to be associated with decreased fasting inflammatory markers such as CRP and IL-6 (10, 16, 21, 34) . This is supported by our results that show that fasting CRP and IL-6 were significantly lower in active compared with sedentary individuals. We hypothesized that differences at baseline would translate into even more profound differences in the postprandial period. However, based on the results of the present study alone, there seemed to be no additional prognostic benefit to measuring postprandial inflammatory markers compared with measuring fasted concentrations alone. In fact postprandial IL-6 measured using a cannula actually confounded any differences between the groups. Since increased concentrations of inflammatory markers are associated with increased risk of cardiovascular disease and diabetes, a chronic reduction of fasting inflammatory measures may be one mechanism by which regular physical activity protects against chronic disease. It is not clear how physical activity contributes to the maintenance of lower proinflammatory mediators, although alterations in anti-inflammatory cytokine secretion such as increased IL-10 (27), increased insulin-selective effects on hepatic acute-phase protein secretion (7) , and reduced oxidized low-density lipoproteins (28, 32) are all potential mechanisms.
Due to the nature of the inclusion criteria in the present investigation all active subjects were above and all sedentary subjects were below public health physical activity recommendations (4) . In addition to much higher physical activity levels, active subjects also had higher fitness (i.e., V O 2max ). It is important to highlight that the active group also had lower total mass, BMI, and proportion of body fat, and therefore it is not possible to determine whether the differences reported in the present study are directly due to differences in physical activity behavior and adaptation (e.g., fitness) or due to differences in body composition as a result of this behavior. Further research is needed to determine whether the benefits of exercise are independent of or dependent on the maintenance of appropriate weight and body composition.
To summarize, in support of previous literature, we found that active middle-aged men had lower concentrations of fasting markers of inflammation than their sedentary counterparts. Interestingly, although active men also exhibited the welldocumented reduction in postprandial lipemic and glycemic response to a high-fat, high-glucose meal, this did not translate into a difference in postprandial inflammation. Collectively, these results indicate that the inflammatory response to feeding in the present study was at best only very modest and that the marked change in IL-6 actually appears to be due to the cannula used for blood sampling.
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